Alteration of Cellular RNA Synthesis and Processing in Type 7 Adenovirus-infected KB Cells
(Accepted 9 June I97I ) It has been reported that cellular DNA-like RNA (D-RNA) synthesis, as well as protein synthesis, is inhibited when mammalian cells are infected with adenovirus type 5 (Bello & Ginsberg, i969) . It has also been reported (Hodge & Scharff, I968; Raskas, Thomas & Green, I97O) that adenovirus type 2 induces a marked decrease in the appearance of I8 s and 28 s ribosomal RNA species in the cytoplasm of infected cells between IO and 19 hr after infection. The present communication provides evidence that KB cells infected with adenovirus type 7 also exhibit changed patterns of host RNA synthesis and alterations in the processing and distribution of various RNA species among the cellular compartments.
KB cells were propagated as monolayer cultures in 8 oz sealed prescription bottles in a medium consisting of Hanks's balanced salt solution (HBSS) containing o'5 ~ lactalbumin hydrolysate (LAH) and supplemented with Io% newborn-calf serum and antibiotics. Autoradiographic studies were performed with cell monolayers grown on coverslips. In other experiments the cells were grown to confluent monolayers in IOO x 20 mm. Optilux plastic tissue culture dishes and incubated at 37 ° in an atmosphere of 5 % COs in air. Adenovirus stocks were prepared by infecting KB cell monolayers with virus, harvesting the infected cells at 48 hr after inoculation, and quick-freezing and thawing the cells three times to release virus. Cell debris was removed by low-speed centrifugation and the virus suspension was stored at -2o °. Virus was partially purified by differential ultracentrifugation and infectivity was measured by plaque assay in tertiary, human embryonic kidney (HEK) cells.
In autoradiographic studies designed to analyse the rates of synthesis and distributions of RNA in adenovirus-infected and uninfected KB cells, monolayer cultures were pulselabelled with [3H]uridine (2 #c/ml; specific activity 7-2 mc/m-mole) for 2o rain. in the presence of a 2,5oo-fold excess of unlabelled thymidine at various times after inoculation with virus at a multiplicity of Io p.f.u/cell or, for controls, after exposure to medium without virus. The inocula were removed after adsorption for I hr at 37 °. The cultures were washed with warm HBSS and incubation was continued in fresh serum-free medium. The cultures were then prepared for autoradiography according to the methods of Franklin & Rosner (I962) using Ilford liquid photographic emulsion. The autoradiographs were developed after 2 weeks of exposure; the cells were stained through the photographic emulsion, and grains were counted over the various cellular compartments. Cells treated with ribonuclease (Ioo/zg/ml. in phosphate buffered saline) for I hr at 37 ° before autoradiography and staining showed virtually no grains in excess of those due to background radiation alone.
The results (Table I) reveal that there was an initial increase in the total incorporation of isotope in the adenovirus-infected cells at 2 hr after infection, after which there was a gradual decrease in labelling compared to that found in uninfected control cells. The initial increase of label in infected cells appeared to be due to increased radioactivity in the nucleoli. The subsequent decrease in the incorporation of uridine in infected cells appeared to be due to a loss of label from the extranucleolar region. The ratios of grains over the nucleolus to those over the extranucleolar region were relatively constant and were consistently higher for adenovirus-infected cells than for uninfected cells. These results indicate that adenovirus type 7 induced a stimulation in the rate of RNA synthesis in the KB cell nucleolus relatively early after infection. Total RNA synthesis was significantly reduced by IO hr after infection due to decreased labelling of the extranucleolar region.
Adenovirus-infected and uninfected control cells were pulsed for 3o rain. with [l~C]uridine (0"2/zc/ml. ; specific activity 20 mc/mmole) in medium I99 containing an excess of unlabelled thymidine. The RNA species were then extracted from isolated nucleoli, nucleoplasm and cytoplasm of both infected and uninfected cells and were characterized by sucrose density gradient fractionation. Cells (4 x Io T ceils/sample) were disrupted and cytoplasmic extracts were prepared by a modification of the procedure of Tobey (I964), using a reduced concentration of MgClz (5 x lO -s M). The procedures employed for the isolation of intact nucleoli and for the extraction and characterization of nucleolar, nucleoplasmic, and cytoplasmic RNA from mammalian cells were modifications of the methods of Penman, Smith & Holtzmann (i 966) and Penman, Vesco & Penman (i 968). The nucleolar and nucleoplasmic RNA fractions were centrifuged through sucrose density gradients (4 ml.; linear I5 to 3o% (w/v) saccharose in sodium dodecyl sulphate buffer) at z8,ooo rev./min, for 14 hr at 20 ° in the SW 39 rotor of the Spinco Model L-2 preparative ultracentrifuge. The cytoplasmic RNA fraction was centrifuged at 3I,ooo rev./min, for 26 hr at 20 °. Fractions were collected and the extinction at 26o nm. of each fraction was measured with a Gilford spectrophotometer. A sample of each fraction was placed on a filter-paper disc, precipitated with so % (v/v) perchloric acid (PCA) at 4 ° for I hr, washed twice with PCA and three times with 7o % (v/v) ethanol and air-dried overnight. The discs were then placed in counting vials containing dioxane-base scintillation fluid and each sample was assayed for radioactivity in a Beckman LS-2oo liquid scintillation spectrometer. * Values represent mean numbers of grains/cell for samples of 50 cells in each case: gu+~ = grains over the entire nucleus; g,~ = grains over the nucleolus; gN = grains over the extranucleolar region; gc = grains over the cytoplasm.
~ Corrected by the method of Perry et aL 096I) for the estimation of the relative amounts of label in the various overlapping cellular compartments, and for the absorption of beta radiation in the cell.
$ Post-infection. § Significant differences ofp < o'o5.
In terms of specific activity, the amounts of radioactivity and the profiles of optical density of 26o nm. in the gradients of RNA extracted from the nucleolar, nucleoplasmic, and cytoplasmic fractions of infected cells showed similar patterns to those of the uninfected control cells at I and 2 hr after inoculation. At IO hr after infection the 45 s ribosomal precursor RNA disappeared from the nucleolar compartment, concomitant with an increase in nucleolar 32 s RNA, while the amount of radioactive label found in the hetero-geneous RNA and 28 s ribosomal RNA of the nucleoplasm of infected cells decreased markedly compared to that found in uninfected control cells (Fig. i) . The finding of decreased nucleoplasmic heterogeneous RNA synthesis in adenovirus-infected KB cells agrees with the observation in Table I and with the work of Bello & Ginsberg (I969) , who demonstrated the inhibition of synthesis of host D-RNA in KB cells infected with adenovirus type 5 at a time following the inhibition of host protein synthesis. The function of this class of large molecular weight, heterodisperse RNA is unknown, and may be related to a pool of nuclear RNA serving as source of cytoplasmic messenger RNA (Darnell, 1968; Penman et al. 1968; Soeiro & Darnell, 197o ). Our findings are also in agreement with those reported for adenovirus type 2, in which the virus inhibited the synthesis of host ribosomal RNA (Hodge & Scharff, I968; Raskas et al. I97O) , presumably by means of a block in the synthesis and processing of ribosomal precursor RNA species (Warocquier, Samaille & Green, 1969) .
Adenovirus type 7 is therefore capable of inducing alterations in the synthesis and processing of both ribosomal and non-:ribosomal RNA in the host cell. The virus-induced stimulation of nucleolar RNA synthesis through ribosomal RNA precursors may be one of the earliest alterations to be detected biochemically in the infected cell, occurring before the
